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Introduction: Antibody microarrays are a class of biosensors that have the potential to revolutionize molecular
detection in medicine, scientific research, and national defense. They can be made to screen for thousands of
molecules in a parallel, rapid, inexpensive, and easy-to-use manner. However, current antibody microarrays are
not widely used due to reliability problems including poor reproducibility, poor signal quality, unbalanced
antibody performance, and cross-reactivity. Although manufacturing imperfections contribute to these problems,
it is hypothesized that undesirable interactions between the proteins and the array surface are a main cause of the
issues. Prior work in the area focused mainly on the stability of antibodies alone and not its affinity for its antigen.
It was found that antibodies attached to a hydrophobic surface suffer undesirable structural changes due to
attractions between the antibody and the surface, but these interactions could be mitigated by using a hydrophilic
surface. To move the work forward, molecular simulation is used to determine how different types of surfaces
affect antigen binding to surface-tethered antibodies. This work offers an unprecedented, molecular-level view
into these protein-protein-surface interactions and how to drive binding to occur.
Material and Methods: Because laboratory methods for studying protein structure either do not provide
sufficient detail or are not transferable to heterogeneous environments, molecular simulation has become the
primary method for studying surface-bound proteins. This work involves a coarse-grain protein-surface model
that provides accurate protein folding mechanisms and quantitatively reproduces protein adsorption energies.
Results consist of free energy plots between an antibody fragment (fab), lysozyme (the antigen), and different
surface types as well as snapshots of the proteins’ behavior. Simulations of fab-lysozyme interactions in bulk
solution serve as the control while treatments consist of simulations where the fab has been tethered to a surface.
Specifically, this study looks at a fab tethered in either an upright or flat orientation to either a hydrophobic or
hydrophilic surface.
Results and Discussion: The results show that the tether orientation of the fab relative to the surface affects
antigen binding mechanisms and binding strength. Specifically, treatment binding strength is greater than the
control when the fab is
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because it suggests that fabantigen binding kinetics will be faster when the fab is placed on a surface as compared to bulk solution.
Conclusion: The results show that the fab/surface configuration that should provide the best performance for
microarray applications is to tether the fab upright on a hydrophilic surface. The reasons for this are (1) greater
fab-lysozyme binding strength, (2) minimal unwanted protein deposition (compared to a hydrophobic surface),
and (3) elimination of kinetic barriers to binding. The results provide previously unknown insights into the
protein-surface and protein-protein interactions crucial to the function of antibody microarrays and offer hope that
the rational design of improved microarray technologies is possible.
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